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Description 



MANUFACTURING 



METHOD O F LIQUID CRYSTAL D ISPLAY UNIT 



Technical Field 

The present invention relates to a manufacturing method 
o£ a liquid crystal display unit using a polymeric substrate, 
and more particularly relates to a method for simply manufacturing 
a li,uid crystal display unit excellent in mass production by 
using the polymeric substrate. 

Background of the Invention 

Flg . , shows the construction of a conventional STN (Super 
listed Hematic, liquid crystal display unit using a polymeric 
substrate. One example of a manufacturing method of the STN liquid 
crystal display unit using the polymeric substrate .111 he 
explained with reference to Fig. V. A transparent substrate 22 
constructedbyITOisformedonapolymericsubstrate21constructed 

by polycarbonate . etc . «ext . polyene acid or polyimide solution 
, is printed and hardened on the polymeric substrate 21 so that 
an orientation film 23 constructed by polyimide is f onned. Next . 
this substrate 21 is orientated by rubbing this substrate 21 with 
a buff cloth constructedby cotton and rayon fibers . A transparent 
electrode 25 constructed by the «0 and an orientation film 26 
, 5 are similarly formed on another opposite polymeric substrate 24 . 
T his substrate 24 is orientated by rubbing such that a rubbing 
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direction of this substrate 24 forms an angle of about 200 to 
260°with respect to the rubbing direction of the previous substrate 
21. These two substrates are opposed to each other and are 
integrated with each other by a sealant 27. A liquid crystal 
5 28 is sealed into a clearance of these substrates so that an STN 
liquid crystal display unit is formed. In the STN liquid crystal 
display unit using such a polymeric substrate, the substrate is 
formed by a high polymer instead of conventional glass so that 
the display unit is not easily cracfced and can be made light in 
10 weight. Further, since an STN display mode is used, the 
deterioration of display quality is small even when the number 
of electrodes operated in time division is increased. A large 
capacity display can be also realized. 

Another advantage of the adoption of the polymeric substrate 
IS is that a continuous processing treatment can be ta*en by so-called 
Roll to Roll in addition to sheet-fed processing as in a working 
process treatment of the glass substrate so far since the polymeric 
substrate is flexible. In the continuous processing using Roll 
to Roll, an orientation film printing process, an orientation 
20 film solidifying process and an orientation process can be 
continuously performed by using the polymeric substrate 31 wound 
in a roll shape so that the manufacturing method is very simple 
and excellent in mass production. 

However, the orientation of the orientation film in the 
25 STN display mode is a homogeneous (parallel, orientation, and 
the orientation angles of both the upper and lower substrates 



rang e fro. 200 to 260» and therefore are not constant in accordance 
with the specification of a product. 

Since no rubbing direction for processing is constant in 
accordance with the product, the rubbing direction of the rubbing 
buff cioth must be changed to a predetermined angle with respect 
to a f iowing direction of the substrate at each tooling changing 
tine so that it takes much time and labor. A continuous substrate 
extending in a longitudinal direction is used in the continuous 
processing using Roll to Roll. Therefore, after all one roll 
is processed, the operation of a line is stopped and tooling is 
changed. In the case of the STN liquid crystal display unit, 
important characteristics such as electro-optic characteristics . 
an angle of visibility, etc. are determined by the orientation 
airection. Therefore, it is not too much to say that the 
orientation direction is changed every product. When the 
operation on the continuous line is stopped every product, 
productivity is reduced in comparison with the working process 
of the glass substrate of sheet-fed processing. 

!„ the rubbing process for obtaining the homogeneous 
, orientation, rubbing force in the rubbing is relatively strong 
so that the polymeric substrate much softer than glass is damaged. 
Therefore, there is a case in which a serious defect in display 

quality is caused. 

Further, high optical isotropy is required in the polymeric 
■ 5 substrate because of the homogeneous orientation having such an 
unfixedangle. The reasons for this are as follows. TheSTNliouid 
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crystal display unit is optically designed such that a polarizing 
element is arranged outside a cell and linearly polarized light 
is incident to a liquid crystal molecule. The glass substrate 
g enerally used in the liquid crystal display unit is conventionally 
, optically isotropic, and the linearly polarized light incident 
in any direction is emitted as linearly polarized light in a 
erection as it is. Therefore, the STN optical design could be 
made by neglecting the substrate. 

However, in the case of the polymeric substrate, refractive 
10 indexes in the x and y directions are almost anisotropic, and 
areoptlcallynotisotropic. Namely, thelinearlypolarizedlight 
incident from a direction except for these x and y directions 
becomes elliptlcally polarized light at an emitting time from 
the polymeric substrate so that the optical design of the STN 
15 liquidcrystaldisplayunitgreatlygetsoutoforder. Two solving 
methods of this problem are considered. One solving method is 
to remove the optical anisotropy of the used polymeric substrate. 
However, to remove the optical anisotropy of the polymeric 
substrate, it is necessary to reduce the optical anisotropy of 
2 0 amaterialmolecule itself, and consider that no material molecule 
1. arranged in one direction at a manufacturing time of the 
substrate. Therefore, the substrate manufacture becomes very 
complicated, and a selecting range of the material itself is very 
limited, -other solving method is to align the orientation 
25 direction of a liquid crystal molecule on the substrate, and a 
phase advancing axis direction or a phase delaying axis direction 
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of the optical anisotropy of the polymeric substrate. If this 
method is adopted, the linearly polarized light incident to the 
polymeric substrate does not become elliptically polarized light 
at the emitting time, and is the linearly polarized light as it 
5 is so that no optical design gets out of order. However, in the 
case of the polymeric substrate having an elongated roll shape, 
the phase advancing axis direction or the phase delaying axis 
direction of the optical anisotropy must be set to be parallel 
or perpendicular to a long side due to a restriction from the 
10 manufacturing method of the polymeric substrate. Therefore.no 
orientation angle can be set to an arbitrary angle from 200 to 
260 ° required in the STN . In contrast to this, when a pattern 
is arranged in the orientation direction, a pattern utilization 
rateinthepolymericsubstrateisgreatlyreducedandacombination 

15 of upper and lower substrates in a later assembly process becomes 

very complicated. 

As mentioned above, the conventional manufacturing method 
of the display unit using the polymeric substrate has the above 
problems. Accordingly, it is Impossible to simply realize the 
20 manufacturing method in Roll to Roll by using flexibility of the 
polymeric substrate. Therefore, an object of the present 
invention is to provide a simple manufacturing method having high 
productivity without damaging the polymeric substrate. 



25 Disclosure of the Invention 

in the present invention, it has been found that a polymeric 
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substrate is continuously moved in a longitudinal direction and 
is manufactured in a vertical orientation ill- forcing process 
ana a vertical orientation film hardening process by using a 
vertical orientation (VA, mode in orientation processing of the 

> polymeric substrate. 

Namely, when a display unit is manufactured by using the 
polymeric substrate having a longitudinal length longer than a 
transversal length, a process for forming a vertical orientation 
f immaterial on the polymeric substrate and aprocess for obtaining 
. a vertical orientation film by solidifying this material are 
performed by continuously moving the polymeric substrate in the 
longitudinal direction. In other words, the orientation film 
canbeformedbyorientatingthepolymericsubstrateinthe vertical 

orientation (VA, mode while the polymeric substrate is 

15 continuously moved. 

Further, after the vertical orientation film is formed, 
a process (orientation process, for prescribing the falling 
direction of a liquid crystal molecule is subsecuently performed 
by continuously moving the polymeric substrate in the longitudinal 
2 „ direction . Since it is sufficient to perform rubbing in a constant 
direction in the vertical orientation mode even when the 
characteristic specification of a liguld crystal is changed, 
orientation processing can be performed while the polymeric 
substrate is moved in the longitudinal direction, thereby greatly 

25 improving productivity. 

As a concrete orientation method, there is a method for 
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rubbing the polyuria substrate in its moving direction, or a 
method for performing the orientation processing by containing 
a functional group changed in structure by light in the orientation 
f llmandbymoving thepolymeric substratewhile light is irradiated 

5 from a constant direction. 

Further, a process for forming a transparent electrode 
pattern in the polymeric substrate and a process for forming the 
vertical orientation film in the polymeric substrate are arranged, 
and a buffer of the polymeric substrate continuously moved is 
0 arranged between these processes so as to continuously move the 
polymeric substrate in the longitudinal direction. Thus, the 
patterning process unable to perform exposure processing unless 
stoppage is once performed, and the vertical orientation film 
forming process able to perform continuous processing can be 
15 continuously performed without stopping the movement of the 
polymeric substrate. 

Brief Description of the Drawings 

Flg 1 is a view showing a section of the construction of 
2 . a display unit in the present invention. 

showing a manufacturing process of the display unit in the present 
invention. Each of Figs. 3 and 4 is a view showing a section 
of another construction of the display unit in the present invention . 
Each of Figs. 5 and 6 is a view typically showing another 
25 manufacturing process of the display unit in the present invention . 
Fig 7 is a view showing a section of the construction of a 
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conventional display unit 



Best Mode for Carrying Out the Invention 

The embodiment modes of the invention will next be explained 

on the basis of the drawings. 

Figs. 1 to 6 show typical views of the construction of a 
liquid crystal display unit of a polymeric substrate using a 
vertical orientation (VA) mode in the present invention and its 
m anufacturing method. The vertical orientation (VA) mode is a 
conventionally Known display mode, and is excellent in time 
division characteristics, and can obtain preferable display 

characteristics - 

Fig. 1 shows a typical construction utilizing the vortical 
orientation (VA) mode in the liquid crystal display unit using 
5 the polymeric suhstrate in the present invention. A liquid 
crystal molecule 8 having negative dielectric anisotropy is 
orientated in a direction slightly inclined from a vertical 
airection with respect to the polymeric substrate 1 within a cell . 
Thus, when a voltage is applied to a transparent electrode 2. 
.0 the liquid crystal molecule uniformly falls in an inclining 
airection so that a uniform optical change Is caused. Such an 
initial orientation is normally made by forming a vertical 
orientation film 3 on a substrate face and rubbing the vertical 
orientation film 3 in one direction. In such a description, it 
25 seems that this mode is the same as an STN display mode . However, 
since the rubbing simply determines the falling direction, there 



is a substantial difference in that it is sufficient to set one 
constant direction. Namely, when the vertical orientation mode 
is used in the display unit using the polymeric substrate as in 
the present invention, both upper and lower substrates may be 
5 rubbed only in a longitudinal substrate moving direction, and 
it is not necessary to substantially change this direction even 
when a characteristic specification of the display unit is changed . 
When the upper and lower substrates are assembled, as shown in 
Fig. 1. it is sufficient to set only the rubbing directions of 
10 the upper and lower substrates to be opposite. At this time, 
a flowing direction of the polymeric substrate, i.e.. a phase 
advancing axis or a phase delaying axis of the optical anisotropy 
is parallel to the rubbing direction, i.e., the orientation 
direction of the liquid crystal molecule on the substrate surface 
15 at any time. No optical anisotropy having the polymeric substrate 
has a bad influence on optical design as at an STN time . Therefore . 
the polymeric substrate can be selected in serious view of 
transparency, durability and cost, and can be very simply 
manufactured. 

20 in accordance with the present invention . rubbing strength 

also determines only the falling direction so that no strong rubbing 
is required. Accordingly, there is no fear that the soft polymeric 
substrate is damaged. If the substrate is a conventional glass 
substrate in such a vertical orientation mode, similar to the 
25 STN mode, only a sheet-fed treatment process can be performed 
and no features of the simple manufacturing method provided in 



the vertical orientation mode itself can be used at all. The 
features of the simple manufacturing method are used for the first 
time in combination with the polymeric substrate able to perform 
continuous processing as in the present invention. 

Fig. 2 shows a typical view of the manufacturing method 
of the present application invention adopting the vertical 
orientation mode in the polymeric substrate. The polymeric 
substrate continuously extending in a longitudinal direction is 
wound in a roll shape . This polymeric substrate 31 is continuously 
processed in a process for forming an orientation film, a process 
33 for solidifying the orientation film and an orientation process 
34. Namely, orientation processing from the formation of the 
orientation film to rubbing can be performed by continuous 
processing . 

in addition to the construction of the liquid crystal display 
unit in the vertical orientation mode shown in Fig. 1. it is known 
that view angle characteristics of the display are improved by 
setting the falling direction of a liquid crystal molecule in 
the vertical orientation mode to two opposite directions different 
by 180° from each other within one pixel . Fig . 3 shows one example 
of this setting. As shown in Fig . 3, an inclination film 12 having 
an angular inclination is formed on the polymeric substrate 10. 
and a vertical orientation film 13 is formed on this inclination 
film 12. in accordance with such a construction, if a voltage 
is applied to a transparent electrode 11 without rubbing, the 



falling directions of the liquid crystal molecule 19 on both sides 
of an angular apex are opposed to each other so that an initial 
inclination for improving the view angle characteristics is 
obtained. In this case, since no rubbing process itself is 
required, there is no obstacle in the continuous working process 
of the polymeric substrate. Further, since no object comes in 
contact with the surface of the soft polymeric substrate, this 
surface is not damaged at all. 

There is a construction shown in Fig. 4 as another method 
for setting the falling direction of the liquid crystal molecule 
in the vertical orientation mode to two or more directions within 
one pixel. As shown in Fig. 4. there is also a method in which 
a slit is formed in a transparent electrode 101 on the polymeric 
substrate 100 so that the direction of an electric field in this 
slit portion is distorted and the falling direction of the liquid 
crystal molecule 107 is prescribed. A vertical orientation film 
102 is formed on this slit electrode 101 so that the falling 
directions of the liquid crystal molecule 107 are opposed to each 
other by inclinations of the electric field on both sides of the 
electrode slit without rubbing. Accordingly, the initial 
inclination for improving the view angle characteristics is 
obtained. Inthiscase. no rubbing process itself is also required 
so that there is no obstacle in the continuous working process 
of the polymeric substrate. 

Further, an orientation film orientated by irradiating 
light in a constant direction is recently developed instead of 
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the restriction of the orientation direction using the rubbing 
of the polymeric orientation film . A functional group for causing 
a change in the structure of a high polymer such as polyimide. 
cinnamate. chalcone, azobenzene families, etc. by light is 
5 introduced in principle, and three-dimensionally causes the 
structural change in accordance with a direction of the irradiated 
light so that ah entire arrangement of the high polymer is put 
in order . This method can be also applied to the present invention . 
and is achieved by designing the above initial structure of the 
10 high polymer so as to be vertically oriented, and irradiating 
light inclined from a vertical direction or light having inclined 
polarized light to the substrate after a film is formed. In this 
case, no rubbing is also required so that there is no obstacle 
in the continuous working process of the polymeric substrate, 
15 and it is sufficient to irradiate light in a constant direction 
instead of the rubbing in the orientation process 34 in Fig. 2. 

No exposure process for patterning an electrode in all 
manufacturing processes of the liquid crystal display unit can 

20 be generally performed by continuously moving the polymeric 
substrate. In the exposure process, it is necessary to irradiate 
an ultraviolet ray by aligning specific positions of a mask and 
the substrate. Accordingly, it is necessary to restrain the 
substrate for a constant time. It is opposed to the object of 

25 a simple manufacturing method having high productivity in the 
present invention that movements of the other processes are 
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restrained every time the substrate is restrained in the exposure 
process . 

Accordingly, a patterning process is performed separately 
by sequentially moving the polymeric substrate, and the patterned 
5 polymeric substrate is wound in a roll shape in advance as shown 
in Fig. 2. Next, it is necessary to take a measure for continuously 
processing this polymeric substrate 31 of the roll shape in a 
process 32 for forming an orientation film, a process 33 for 
solidifying the orientation film, and an orientation process 34. 
10 There is another method in which the patterning process 

is also arranged in a processing method of Roll to Roll, and a 
buffer for restraining the substrate at an exposure time in the 
patterning process is arranged within this patterning process 
or between the patterning process and the process for forming 

15 the orientation film. 

Fig. 5 shows an example in which a substrate buffer is 
arranged within the patterning process . The polymeric substrate 
supplied from a polymeric substrate roll is moved to the patterning 
process 41 in which the substrate buffer is arranged. A buffer 
20 able to accumulate the substrate of a stopping amount in exposure 
is arranged within this patterning process so as not to stop a 
flow of the substrate in an outlet, Thereafter, the polymeric 
substrate is continuously processed in a process 42 for forming 
an orientation film, a process 43 for solidifying the orientation 
25 film, and an orientation process 44. 

Fig. 6 shows an example in which the buffer is arranged 



between the patterning process and a printing process of the 
orientation film. The polymeric substrate wound in a roll shape 
is moved to the patterning process 51 and passes an exposure process 
of restraining processing in this patterning process. The 
5 substrate next enters a buffer roll 52 . The buffer roll is first 
arranged in a position deviated from a continuous path so that 
the substrate is detoured and moved. However, when the next 
restraint and exposure are started within the patterning process . 
the buffer roll is moved in a path direction of the substrate 
10 and continuously supplies the polymeric substrate to the next 
process 53 for forming an orientation film. Thereafter, the 
substrate is continuously processed in aprocess 54 for solidifying 
the orientation film and an orientation process 55 so that a simple 
manufacturing method of the liquid crystal display unit having 
15 high productivity is provided. 

There is no limit in the polymeric substrate used in the 
present invention if this polymeric substrate is a transparent 
highpolymer. The polymeric substrate is constructed by polyether 
20 sulfone (PES) , polycarbonate (PC) . polyallylate (PAR) , amorphous 
polyolefin (APO) . polyether • ether • Ketone (PEEK) . polyethylene 
terephthalate (PET) , heat resisting polyolefinic resin, allyl 
diglycol carbonate resin (ADC resin), acrylic resin, norbornene 
resin, maleimide resin, transparent epoxy resin, transparent 
25 polyimide resin, etc. The thickness of the polymeric substrate 
is suitably selected in a range from 0 . 1 to 1 . 0 mm. It is desirable 
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to set optical anisotropy And on the phase advancing axis and 
the phase delaying axis to be equal to or smaller than 5 nm in 
the STN. but there is no such limit in the present invention. 

The present invention will next be explained in more detail 
5 on the basis of embodiments. 
( Embodiment 1 ) 

One example of a display unit using a polymeric substrate 
in the present invention will be explained with reference to Fig. 
1 . A high polymer forming the polymeric subs t rate 1 can be suitably 
10 selected from polyether sulfone (PES), polycarbonate (PC), 
polyallylate (PAR) . amorphous polyolefin (APO), polyether- 
ether -ketone (PEEK), polyethylene terephthalate (PET), allyl 
diglycol carbonate resin (ADC resin) . acrylic resin, norbornene 
resin, maleimide resin, transparent epoxy resin and transparent 
15 polyimide resin. This embodiment uses a PES substrate having 
0.2 mm in thickness and 10 nm in optical anisotropy on the phase 
advancing axis and the phase delaying axis, i.e.. optical 
anisotropy And in longitudinal and transversal directions of the 
substrate, a transparent electrode 2 constructed by ITO is next 
20 formed by low temperature sputtering, etc. In this substrate, 
a transparent electrode is patterned by a patterning process of 
a separate sequential movement, and this substrate is wound in 
a roll shape. Thereafter, this substrate is processed by applying 
a continuous treatment process shown in Fig. 2. Namely, in this 
25 embodiment, a vertical orientation agent of a polyimide family 
high polymer is printed on the polymeric substrate, and is 



16 



solidified and forms a vertical orientation film. Further, the 
vertical orientation film is considerably weakly rubbed in a 
constant direction parallel to the longitudinal direction. 

Thus, in this embodiment, the vertical orientation agent 
5 of the polyimide family high polymer is used in the orientation 
film 3 in Fig. 1. and the rubbing process is considerably weakly 
performed in the constant direction parallel to the longitudinal 
direction in comparison with the normal STN liquid crystal display 
unit . Therefore . there is no damage due to the rubbing . and there 
10 is no necessity of a change in tooling in which the rubbing direction 
is changed with respect to any product. Accordingly, this 
embodiment shows very high productivity. 

Similarly, a polymeric substrate 4 forming a transparent 
electrode 5 and an orientation film 6 thereon in Fig . 1 is processed 
15 by the same process, and is stuck to the polymeric substrate 1 
by a sealant 7 such that rubbing directions are opposed to each 
other. A liquid crystal having negative dielectric anisotropy 
is sealed into a clearance of these polymeric substrates so that 
a liquid crystal display unit is formed. 
20 Such a manufactured liquid crystal display unit is 

characterized in that this display unit is light in weight and 
is not cracked since the substrate is a high polymer. Further, 
display characteristics of this display unit are favorable in 
comparison with the STN liquid crystal display unit. In 
25 accordance with this embodiment , the display unit of the polymeric 
substrate favorable in comparison with the conventional display 
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unit can 



be simply manufactured with high productivity. 



( Embodiment 2 ) 

Fig. 3 is a view showing another example of the display 
5 unit using the polymeric substrate. A high polymer contained 
in a polymeric substrate 10 can be suitably selected from polyether 
sulfone (PES) . polycarbonate (PC) . polyallylate (PAR) , amorphous 
polyolefin (APO) . polyether • ether • ketone (PEEK) . polyethylene 
terephthalate (PET) , allyl diglycol carbonate resin (ADC resin) , 
10 acrylic resin, norbornene resin, maleimide resin, transparent 
epoxy resin and transparent polyimide resin. This embodiment 
uses a PC substrate having 0 . 1 mm in thickness and 15 ran in optical 
anisotropy on the phase advancing axis and the phase delaying 
axis .i.e.. optical anisotropy And in longitudinal and transversal 
15 directions of the substrate. A transparent electrode 11 
constructed by ITO is next formed by low temperature sputtering, 
etc. This substrate is processed by applying a continuous 
treatment process shown in Fig. 5. 

in this embodiment . an Inclination film 12 having an angular 
20 inclination in Fig. 3 is manufactured by using a photoresist in 
addition to patterning of the transparent electrode in a patterning 
process 41. An orientation film 13 constructed by a vertical 
orientation agent of a polyimide family high polymer is formed 
on this inclination film 12, and is processed without performing 
25 the rubbing process. In this case, there is no damage seen at 
a rubbing time, and there is no necessity of a tooling change 
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of changing the rubbing direction with respect to any product 
so that very high productivity is shown. 

Similarly, a polymeric substrate 14 forming a transparent 
substrate 15. an inclination film 16 and an orientation film 17 
thereon shown in Fig. 3 is processed by the same process. The 
polymeric substrate 14 and the polymeric substrate 10 are stuck 
to each other by a sealant 18 such that tops and bottoms of the 
inclination films 16 are respectively opposed to each other. A 
liquid crystal having negative dielectric anisotropy is sealed 
into a clearance of these polymeric substrates so that a liquid 
crystal display unit is formed. 

Such a manufactured liquid crystal display unit is 
characterized in that this display unit is light in weight and 
is not cracked since the substrate is a high polymer. Further, 
display characteristics of this display unit are favorable in 
comparison with the STN liquid crystal display unit. In 
accordance with this embodiment . the display unit of the polymeric 
substrate favorable in comparison with the conventional display 
unit can be simply manufactured with high productivity. 



(Embodiment 3) 

Fig. 4 is a view showing the construction of another example 
of the display unit using the polymeric substrate . A high polymer 
contained in a polymeric substrate 100 can be suitably selected 
f rom polyether sulfone (PES), polycarbonate (PC), polyallylate 
(PAR) . amorphous polyolef in (APO) . polyether • ether ; ketone ( PEEK) . 
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polyethylene terephthalate (PET) . allyl diglycol carbonate resin 
(ADC resin), acrylic resin, norbornene resin, maleimide resin, 
transparent epoxy resin and transparent polyimide resin. This 
embodiment uses an amorphous polyolefin substrate having 0.15 
5 mm in thickness and 10 nm in optical anisotropy on the phase 
advancing axis and the phase delaying axis. i.e.. optical 
anisotropy And in longitudinal and transversal directions of the 
substrate. A transparent electrode 101 constructed by ITO is 
next formed by low temperature sputtering, etc. This substrate 
10 is processed by applying a continuous treatment process shown 
in Fig. 6. In this embodiment, the transparent electrode 101 
is patterned and formed in a patterning process such that the 
slit shown in Fig. 4 is inserted into the transparent electrode 
101. An orientation film 102 constructed by a vertical 
15 orientation agent of a polyimide family high polymer is formed 
on this polymeric substrate, and is processed without performing 
the rubbing process. In this case, there is no damage seen at 
a rubbing time, and there is no necessity of a tooling change 
of changing the rubbing direction with respect to any product 
20 so that very high productivity is shown. 

Similarly, a polymeric substrate 103 forming a transparent 
substrate 104 and an orientation film 105 thereon shown in Fig. 
4 is processed by the same process. The polymeric substrate 103 
and the polymeric substrate 100 are stuck to each other by a sealant 
25 106. and a liquid crystal having negative dielectric anisotropy 
is sealed into a clearance of these polymeric substrates so that 



20 



a liquid crystal display unit is formed. 

Such a manufactured liquid crystal display unit is 
characterized in that this display unit is light in weight and 
is not cracked since the substrate is a high polymer. Further, 
display characteristics of this display unit are favorable in 
comparison with the STN liquid crystal display unit. In 
accordance with this embodiment , the display unit of the polymeric 
substrate favorable in comparison with the conventional display 
unit can be simply manufactured with high productivity. 



(Embodiment 4) 

The polymeric substrate 1 in Fig. 1 is set to a polyallylate 
substrate having 0.15 mm in thickness and 20 nm in optical 
anisotropy of the phase advancing axis and the phase delaying 
axis . i . e . . optical anisotropy And in longitudinal and transversal 
directions of the substrate. A polyvinyl cinnamate vertical 
orientation film of a cinnamate family is used as an orientation 
film 3, and a continuous treatment process shown in Fig. 2 is 
performed. In this case, light in a direction slightly inclined 
from a vertical direction is irradiated in an orientation process 
34 in Fig. 2. Namely, no rubbing is required. The orientation 
film 3 is formed by such a continuous treatment process, and is 
processed without performing the rubbing process . In this case , 
there is no damage seen at a rubbing time, and there is no necessity 
of a tooling change of changing the orientation direction with 
respect to any product so that this manufacturing method has very 
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high productivity. 

Such a manufactured liquid crystal display unit is 
characterized in that this display unit is light in weight and 
is not cracked since the substrate is a high polymer. Further. 
5 display characteristics of this display unit are favorable in 
comparison with the STN liquid crystal display unit. In 
accordance with this embodiment . the display unit of the polymeric 
substrate favorable in comparison with the conventional display 
unit can be simply manufactured with high productivity. 
10 (Embodiment 5) 

The orientation film 3 in the embodiment 4 is set to a chalcone 
family high polymer, and. similar to the embodiment 4 . the display 
unit of the polymeric substrate is manufactured. Thus, effects 
similar to those in the embodiment 4 are obtained. 
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( Embodiment 6 ) 

The orientation film 3 in the embodiment 4 is set to an 
azobenzene family high polymer, and. similar to the embodiment 
4. the display unit of the polymeric substrate is manufactured. 
20 Thus, effects similar to those in the embodiment 4 are obtained. 

As explained in detail in each of the above embodiments, 
the manufacturing method of the display unit in the present 
invention can manufacture the liquid crystal display unit using 
25 the polymeric substrate with high productivity while display 
quality favorable in comparison with the conventional case is 



held. Further, the liquid crystal display unit is not cracked, 
and is thin and light in weight and can be further provided at 
low cost by adopting the manufacturing method having high 
productivity in comparison with the conventional liquid crystal 
display unit using the glass substrate. 

Industrial Applicability 

As mentioned above, the manufacturing method of the liquid 
crystal display unit in the present invention is useful when the 
liquid crystal display unit is continuously manufactured by Roll 
to Roll using the polymeric substrate . This manufacturing method 
can have high productivity and is suitable for manufacture of 
the liquid crystal display unit of the polymeric substrate at 
low cost. 



